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Abstract
A 300 GHz CW Gyrotron FU CW I has been developed as a power source for the ceramic sintering 
and material surface modification with a millimeter wave. Up to now, the usual output power of FU 
CW I is 1.8 kW, which is rather smaller than the designed power of 3.5 kW. The cause of this power 
shortage problem is examined from the view point of “physics in gyrotrons”. Auxiliary coils and high 
anode resistor has been used to suppress a large anode current. Use of auxiliary coil increases electron 
incident radius and decrease pitch factor of electrons at the cavity. They are closely related with the 
efficiency of the transformation from electron kinetic energy to the oscillation output power. Install of 
a large anode resistor also decrease the pitch factor through a potential drop between the anode and the 
cathode. Thus, it is concluded that the primary cause of the power shortage is the deterioration of the 
pitch factor. The method to improve the output power is to find the root cause of the large anode 
current and to remove it. One of the reasons of large anode current, misalignment between gyrotron 
and magnetic coil axes is considered. Magnetic field distribution generated by the coil was measured 
and the gyrotron was replaced to fit it. However, the anode current has not been decreased and output 
power has not been improved, yet. FU CW I would have some inherent problems. 
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 ⵬ഥ⏛႐ࠦࠗ࡞ߩ૶↪ߦࠃࠆ⊒ᝄ߳ߩᓇ㗀
 ⵬ഥ⏛႐ߪ㔚ሶ㌂ㇱߢߩ⏛႐ᒝᐲ Bkࠍᄌ߃㧘ߘߩ⚿ᨐ㧘㔚ሶ㌂߆ࠄ౒ᝄེ߹ߢߩ㔚ሶߩ゠
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⴫㕙㔚႐㧘șkߪࠞ࠰࡯࠼⴫㕙ߦ߅ߌࠆ㔚႐ߣ⏛႐ߩߥߔⷺߢ޽ࠆޕࡇ࠶࠴ࡈࠔࠢ࠲࡯ߪ⊒ᝄ
ല₸ߦᓇ㗀ߔࠆޕࡇ࠶࠴ࡈࠔࠢ࠲࡯ࠍᄌ߃ߡ⸘▚ߒߚ౒ᝄེ಴ญߢߩ⊒ᝄ಴ജ⚿ᨐࠍ࿑ 5-1
ߦ␜ߔޕ࿑ 5-1߆ࠄ㧘Įߦߪᦨㆡ୯߇޽ࠅޔᦨㆡ୯߆ࠄߕࠇࠆߣ㧘⊒ᝄ಴ജ߇ૐਅߔࠆߎߣ߇
ࠊ߆ࠆޕĮߪታ㛎߆ࠄ⋥ធ᷹ቯߔࠆߎߣ߇ߢ߈ߕ㧘߹ߚ㧘㔚ሶ㌂ߩ⹦⚦ߥ᭴ㅧᖱႎ߇ࠊ߆ࠄ
ߥ޿ߚ߼㧘⸘▚ߢ᳞߼ࠆߎߣ߽ߢ߈ߥ޿ޕࠞ࠰࡯࠼ඨᓘࠍ Rkߣߒޔ㔚ሶߩ᩺ౝਛᔃߪ⏛ജ✢
ߦᴪ߁ߣߔࠆߣޔ⏛᧤ߩ଻ሽ߆ࠄ RkBk2 =Re Bc2߇ᚑࠅ┙ߟޕ⵬ഥ⏛႐ࠦࠗ࡞ߦᵹߔ㔚ᵹࠍᄌ
߃㧘㧞ߟߩ⇣ߥࠆ㔚ሶࡆ࡯ࡓ౉኿૏⟎ R'e㧘Reߦኻᔕߔࠆࡇ࠶࠴ࡈࠔࠢ࠲࡯ࠍߘࠇߙࠇ Į'㧘Į
ߣߔࠆߣ㧘Rkߪ৻ቯߢ޽ࠆߎߣࠃࠅޔ(5.1), (5.2)ࠍ↪޿ߡ Įߪ Re㧘R'e㧘Į' ࠍ↪޿ߡᰴᑼߩࠃ
߁ߦ⸥ㅀߔࠆߎߣ߇ߢ߈ࠆޕ
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ߒ౉ᝌࠍ᛫ᛶ㜞࠼࡯ࡁࠕߢ޿ᰴޔ޿↪ࠍ࡞ࠗࠦ႐⏛ഥ⵬ޔߦ߼ߚࠆߔ೙ᛥࠍᵹ㔚࠼࡯ࡁࠕ 
⒟ߥ⢻นォㆇࠍᵹ㔚࠼࡯ࡁࠕ߽ߢߺߩ᛫ᛶ㜞࠼࡯ࡁࠕ㧘߽ߣߕ޿↪ࠍ࡞ࠗࠦ႐⏛ഥ⵬㧘߇ߚ
ㆇߡߒߦ߹߹ߩ୯⸘⸳ࠍ eR㧘ߕ޿↪ࠍ࡞ࠗࠦ႐⏛ഥ⵬ߢߎߘޕࠆ߈ߢ߇ߣߎࠆߔ೙ᛥߢ߹ᐲ
ࠦ႐⏛ਥ㧔T 39.01 = cB ᐲᒝ႐⏛ਥޕࠆ޽߇ᕈ⢻นࠆߔ਄ะ߇ജ಴㧘ߕࠄ߇ਅߪĮ㧘߫ࠇߔォ
ޕߔ␜ߦ3-5 ࿑ࠍᨐ⚿ቯ᷹ജ಴ߚߞⴕߡ޿߅ߦઙ᧦ォㆇߩA 0.1 = maebI㧘㧕A 1.641 = niamI ᵹ㔚࡞ࠗ
㜞߇ജ಴ߩA 0 = xuaI ߽ࠅࠃജ಴ߩA 051 = xuaI㧘ߪߢᗐ੍ޔ߼ߚࠆߥߊߐዊ߇Į ߣ޿߈ᄢ߇xuaI
ޕߚߞ߆ߥࠄࠊᄌ߇ߤࠎߣ߶ߪജ಴ߪߢᨐ⚿ߚࠇࠄᓧ㧘߇ߛߕߪࠆߥߊ
 0 = xuaIޕߔ␜ࠍᕈሽଐ࿶㔚࠼࡯࠰ࠞߩᵹ㔚࠼࡯ࡁࠕߩߢA 051 ,0 = xuaI㧘A 0.1 = maebI ߦ4-5 ࿑
޿߈ᄢ߇R ᛫ᛶ㑆ࠬ࡯ࠕ́࠼࡯ࡁࠕޕ޿߈ᄢ߇ᵹ㔚࠼࡯ࡁࠕߡߴᲧߣᤨߩA 051 = xuaI ߪߢA
ߦ5-5 ࿑ޕࠆࠇࠄ߃⠨ߣࠆߥߊ߈ᄢ߇ਅ㒠࿶㔚ߩ㑆࠼࡯࠰ࠞ́࠼࡯ࡁࠕ㧘߼ߚ
5.4           VVIR edonaedohtaccedona
㔚࠼࡯࠰ࠞࠄ߆ 5-5 ࿑ޕߔ␜ࠍᕈሽଐ࿶㔚࠼࡯࠰ࠞߩ࿶㔚㑆࠼࡯࠰ࠞ́࠼࡯ࡁࠕߚߒ▚⸘ߢ
́࠼࡯ࡁࠕޕࠆ߆ࠊ߇ߣߎࠆߥߊ߈ᄢ߇ਅ㒠࿶㔚ࠆࠃߦᵹ㔚࠼࡯ࡁࠕ㧘ߤ߶ࠆߥߊ߈ᄢ߇࿶
ߥ⚦⹦ߩ㌂ሶ㔚㧘ߒ๧ᗧࠍߣߎࠆߥߊߐዊ߇kE ႐㔚㕙⴫࠼࡯࠰ࠞ㧘ߪਅૐߩ࿶㔚㑆࠼࡯࠰ࠞ
࠲ࠢࠔࡈ࠴࠶ࡇࠄ߆)2.5(ᑼ㧘 )1.5(ᑼ㧘߇޿ߥ᧪಴ߪ▚⸘ߪ୯ߥ⊛૕ౕ߼ߚ޿ߥࠄ߆ࠊ߇ㅧ᭴
⸳ࠍ eR㧘޿ⴕࠍᝄ⊒ߦߕ޿↪ࠍ࡞ࠗࠦ႐⏛ഥ⵬㧘ߦ߁ࠃߩߎޕࠆ߆ࠊ߇ߣߎࠆߥߊߐዊߪ࡯
ߎߩߎޕ޿ߥ߼ᦸߪ਄ะജ಴㧘ࠅ㒢ࠆ޿ߡࠇᵹ߇ᵹ㔚࠼࡯ࡁࠕߥ߈ᄢ߽ߡߒߣߚߞ଻ߦ୯⸘
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 ゲߕࠇߦࠃࠆ⊒ᝄ߳ߩᓇ㗀
಴ജਇ⿷ߩ೎ߩේ࿃ߣߒߡ㧘ᧄ᧪৻⥌ߒߡ޿ࠆߪߕߩࠫࡖࠗࡠ࠻ࡠࡦ▤ゲߣࠦࠗ࡞ゲߩߕ
ࠇ߇એ೨߆ࠄ⠨߃ࠄࠇߡ޿ߚޕߘߎߢ㧘ߎߩߕࠇߩ᦭ήࠍ⏕⹺ߔࠆߚ߼ߦ㧘ࠫࡖࠗࡠ࠻ࡦ▤
ߩ૏⟎ߪᄌ߃ߕߦ㧘⌀ⓨ⓹ߩะ߈ࠍ▤ゲ࿁ࠅߦࠊߕ߆ߦ࿁ォߐߖ㧘ߘߩ೨ᓟߦ߅޿ߡ಴ജ᷹
ቯࠍⴕߞߚޕߘߩߣ߈ߩ಴ജߩ⵬ഥ⏛႐ࠦࠗ࡞㔚ᵹଐሽᕈࠍ࿑ 6-1ߦ␜ߔޕࠫࡖࠗࡠ࠻ࡠࡦ
▤ࠍ࿁ォߐߖࠆߣ㧘࿁ォࡕ࡯࠼ߩㆫ⒖߇⿠߈ࠆ⵬ഥ⏛႐ࠦࠗ࡞㔚ᵹߩ୯߇ᄌൻߒߡ޿ࠆޕ઒
ߦ㧘ࠫࡖࠗࡠ࠻ࡠࡦ▤ゲߣਥ⏛႐ࠦࠗ࡞ゲ߇৻⥌ߒߡ޿ࠆ႐ว㧘ࠫࡖࠗࡠ࠻ࡠࡦߪ౞╴ኻ⒓
ߥߩߢ㧘ࠫࡖࠗࡠ࠻ࡠࡦ▤ߩะ߈ࠍᄌ߃ࠆߎߣߢ⊒ᝄߦᄌൻ߇↢ߓࠆߎߣߪߥ޿ޕߟ߹ࠅ㧘
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ߕߩߘ㧘ߢߣߎࠆ߃ᄌࠍ߈ะߩ▤ࡦࡠ࠻ࡠࠗࡖࠫ㧘ߒ࿷ሽ߇ࠇߕߦ㑆ゲߩߟ㧞㧘ߪᨐ⚿㛎ታ
ࡠࠗࡖࠫ㧘ߢߎߘޕࠆ޿ߡߒ␜ࠍߣߎࠆ޽߇ᕈ⢻นࠆ޿ߡߒ߷෸ࠍ㗀ᓇߦᝄ⊒㧘ߒൻᄌ߇ࠇ
ࠆߴ⺞ࠍ߆ߔ߷෸ࠍ㗀ᓇߦ߁ࠃߩߤߦജ಴ޔ߇ߣߎ޿ߥ޿ߡߒ⥌৻߇ゲ࡞ࠗࠦߣゲ▤ࡦࡠ࠻
ࠦޕࠆ޿↪ࠍ㊂ߥ߁ࠃߔ␜ߦ2-6 ࿑ߦߩߔ⴫ࠍࠇߕߩゲߩߟ2ޕߚߞⴕࠍ▚⸘ജ಴ᝄ⊒㧘߼ߚ
ะᣇゲz ,y ,x ߩ㔌〒ߩ㑆ᔃਛ࡞ࠗࠦ́ᔃਛࠖ࠹ࡆࡖࠠ㧘ĳ ࠍⷺߔߥߩゲߩߟ2㧘ゲz ࠍゲ࡞ࠗ
㧘ߪߢ▚⸘ജ಴ߩᏱㅢޕࠆ߃⠨ߡ޿ߟߦว႐ߩmm 0 = 3d ߪ࿁੹ޕߚߒߣ3d㧘2d㧘1d ࠍᓇ኿ߩ߳
ߞࠃߦሶ㔚㧘ߪ࿁੹㧘߇ࠆ޿ߡߒߣቯ৻ߡߒኻߦሶ㔚ߩߡߴߔ㧘ߪeR ⟎૏኿౉ེᝄ౒ߩሶ㔚
ߦ✢ജ⏛ߪሶ㔚ߟ߆㧘ࠇߐ಴᡼ࠄ߆ࠕ࡝ࠛࠣࡦࠖ࠹࠶ࡒࠛߪሶ㔚ޕࠆ޽߇ⷐᔅࠆ߃ᄌࠍeR ߡ
ࡆࡖࠠߩ✢ജ⏛ࠆㅢࠍὐࠆࠇߐ಴᡼߇ሶ㔚㧘ߣࠆߔቯ઒ߦ߁ࠃߩߎޕࠆߔߣߩ߽߻ㅴߡߞᴪ
࡝ࠛࠣࡦࠖ࠹࠶ࡒࠛ߇ሶ㔚ߩ୘23ޕࠆ߃⸒ߣ޿ߒ╬ߣ eR ߩሶ㔚ฦߪ⟎૏ࠆߌ߅ߦญ౉ࠖ࠹
ߡ޿↪ࠍeR ߩࠄࠇߎ㧘߼᳞ࠍeR ߡߒኻߦሶ㔚ߩࠇߙࠇߘ㧘ߡߒߣࠆࠇߐ಴᡼ߦ㓒㑆╬ࠄ߆ࠕ
ޕߚߞⴕࠍ▚⸘ว┹࠼࡯ࡕᝄ⊒ߩ㑆࠼࡯ࡕォ࿁ߩߢౝེᝄ౒
ޕߔ␜ߦ3-6 ࿑ࠍᨐ⚿▚⸘ߩജ಴ᝄ⊒ߩedom gnitator retnuoc ࠆߌ߅ߦmm 1.0 = 2d㧘° 1.0 = ĳ
ࠊ߇ߣߎࠆߔᝄ⊒߇edom gnitator retnuoc ߽ߡ޿߅ߦ୯ߥߐዊ߇xuaI㧘ߡࠇߟߦࠆߥߊ߈ᄢ߇1d
߇ⷐᔅࠆࠇߕ߇▤ࡦࡠ࠻ࡠࠗࡖࠫߢ߹mm 3.0 = 1d ߪߦ߼ߚߔߚḩࠍᨐ⚿㛎ታߩ1-6 ࿑ޕࠆ߆
㧘ߊߐዊಽචߪ୯ߩߎޕࠆࠇߕmm 74.0 ߡߒኻߦゲ࡞ࠗࠦߪᔃਛ࠼࡯࠰ࠞ㧘߈ߣߩߎޕࠆ޽
ޕࠆ޽߇ᕈ⢻นࠆ޿ߡࠇ߆⟎߇࡞ࠗࠦߣ▤ࡦࡠ࠻ࡠࠗࡖࠫߢઙ᧦ߥ߁ࠃߩߎ
ߣゲ▤ࡦࡠ࠻ࡠࠗࡖࠫ㧘ߣജ಴ᝄ⊒ߩߢmm 3.0 = 1d ߩ3-6 ࿑ޕࠆ߃⠨ߡ޿ߟߦജ಴㧘ߦᰴ
߇ゲ࡞ࠗࠦߣゲ▤ࡦࡠ࠻ࡠࠗࡖࠫޕߔ␜ߦ4-6 ࿑ࠍജ಴ᝄ⊒ߩว႐ࠆ޿ߡߒ⥌৻߇ゲ࡞ࠗࠦ
ߣߚߞ޽ߪࠇߕゲ㧘ߦ߁ࠃߩߎޕ޿ߥߪߣߎࠆߥߊૐ߇ജ಴ᝄ⊒ߊ߈ᄢ㧘߽ߡࠇߕߦ߆ߕࠊ
ޕ޿ߥߪߢ࿃ේߥⷐਥߩ⿷ਇജ಴㧘߽ߡߒ
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